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.HTGH-........Y PHYSICS

by: 0la -C ....

:'ron 8co0::.: August, 55, p.gc- 5 -.

I:dWi on ta:cn rigng %he ninth session of
S ee .,Tations O iza~ioa, an international

I C3-f~r-nce on the Use of Atomic Energy for Peaceful
Purposzi will open in Geneva on August 8. Represe-

tatives from ma;y countries will participate in
thc discussions. \IThe o±.8 article summarizes
I rcent achievements in the physics of the atomic

Since the day we learned that the first
industri..l clectric power station based on atomic
cnergy ha"7 started operating in the USSR, there
have talten place many achievements in this rapidly
developing field of new techniques.

'h e assistance promised by the Soviet Union
to the szates struggling -for peace and democracy
t.- n assumed concrete form.

Thcse advances are not the only contribution
to the scientific development of peace-loving
count:?ies.

Soviet scientific magazines are publishing more
aoore reports on he work of scientists, thus

n foundation for further progress -- the
cchn~ues of nucleai- rans:fornation and contributanr

t3 free exchange of rcsearch experience. At the
:,ecent scssion of the Academy of Sciences of the
" -izny of these re-orts ,ere brought together.

-i well known that the physics of today becomes
ihe engineering practice of tomorrow. All the
recc..t achievements using nuclear energy have
-_o'icated in scientific investigations carried out
,*dur-ng the last few years in the research institutes
of ,any lands.

i' investigations enable us to penetrate into
to secrets of matter, thus pavinG th way fOr
achievemn about which we can only guess at the
present tiAe. The forces, which have already become

the property of mankind, are so immense as to thraaton
our existence. Hol,.ever, ve have great faith in human
In ell g;ence and vie firmly believe that human reason
will prevent the use of these forces for mutual extor-
- aat-o0. Therefore, we do not fear the pub2.cation

of new findings in science. Science is an in zhaust-
ible fount from which mankind will never ceaso to
raw now knowledge about nature and in particular

, bout "he mysterious world enclosed withiz the :ucli
o1 ato ,as.

:i:tCns've publica on z this new knovwledge 's
Ln inrportant eloment the strugjle to turn atomic
o" .'ry to pee.ceful uss, a j-ruggle invariably
-. t ated by our couLry.



-. Nuclear 7orces

Clarification c t a I, ture o nuc2Iear r z '  --

t h e c e s 1o, ;n t t'

the c, .tV'al probluz o: .. , rn nuclear . o
-tu!d to continue exa-ining the new particles of
ztter, which are called "elementary", until we succted
in finding out their real nature.

Physical research in this field was considered by
many as something analogous to the Ipole of ina..ccss-

: Nevertheless, even the mos. conserva-V%.
'Khunters for particles" are fundamentally dreancr
'e nay even regard their choice of a profession as an

Outgrowth of thei.r romantic nature. These searchers
explore Elysian Fields where every new step is pregnant
with the unexpected, and new discoveries are abundant
and usually concurrent with the application of powe:ful
technical means to the developing exploration of the
unknov:n. These investigations have be-one envelopod
in a sort of magic shroud, probably due to the dificuly
in finding normal interpretations for such research. The
results of these investigations reveal so many real
wonders, that cannot be fitted into the framework nf
conventional concepts formed at school, that they seem
occasionall.y frightening. However, perhaps I will
succeed in .onvincing my readers t hat the mastery of the
new physics is not unattainable, although it requirc,
of course, a certain concentration of mind, even for the
L-Ost superficial survey of its achievements.... But are

these achievements necessary? 1e have already succeeded

in developing means for obtaining atomic energy for
peaceful purposes with the help of the processes Of
nuclear fission or uranium produced from the depths of
theEarth. The necessary conditions for this to take
place are found in special atomic reactors.

It has been estimated that if the annual production
of uranium were raised to 50 thousand tons, the consump-
tion of energy throughout the entire world could be
doubled immediately. This is not utopian; the above
figure corresponds to the world production of tungsten.
1oreover, uranium is contained in the earth's crust in

a quantity considerably exceeding that of the deposits
of tungsten.

If to this we could add 100 or 150 thousand tons
of thorium, from which nuclear fuel for atomic reactors
could also be manufactured (and the earth's crust
contains approximately three times as much thoriun as
uranium), then .1he average annual production of enorgy
per Inhabitant of the world could be brought up to
approximately 200 thousand kilowatt-hours. This means

that each family would have at its disposal an electric

station having 50 kilowatts capacity.

Reactions occurring between atomic nuclei are not
* complicated. They are described in detail '.n &' umber

of popular and readily available publications.

It is not surprising therefore, that some ine::per-

Aenced individuals might doubt whether it is worth l

while to go ahead, whether i is not better to stop and

develop this rich vein. Are further theoretical invest-

igations on nuolear forces really necessary? At a

press conference for representatives of the Soviet as

well as the foreign press, Professor Bruno Pontecorvo
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of:';cd to explain h z .,r inte2 l '- ~ihee~

0 fto r i n the .c>dof n c- - y
C..,.2, T. e co : " ,D:

c2Z-c,.hat he:ou 'd her be able - u:.dc>.tand
Ech. a t,n.aat or. ur. Cu" "eraors. hoxmvo', - moro eag.er

r i.:~l~d3 and neo patient. Therefore, !e ohall try
-. ere, in b-ef, prospective achievements in

: . d o,.' nucleaz Phz.

Pr Of ;a '! wa wish to point out that gunpowder
'.:.j also invented before scientists could explal, the
c.^mioal forces acting to bind atoms into a molecule.
C> vuc., a n~b~r o oather chencal Transforn.aLonS,
.. ......o c...te, those Occurring during the smelting of
;..ai- fron ores, also arose from experience in reoa-
•ely ancient tnes. However, everyone knows that

.;h modern, infiniitely varied, technical -pplications
of cheaistry could be introduced only after the light
o2 lnowledgo was shed upon the structure of atoms and
:.olecules and upon their ability to enter into combina-

.Tuclear physics is now at the following stage:
the practical application of nuclear theory has been
already achieved, although a true theory on nuclear
forces 1as not been duveloped as yet.

do the scientith is now, and what do they wish
to 2ea.rn, about nuclear forces?

T.hIe Probler as to ' :,hct thecf-; forces are, aro
*i..dat.ey after -hu 'z l structu 'o of tomic

wus discovered. Io what can these forces be
eparod? Can they be compared with gravitational
iercer, :.hc nake cbjects thrown upwards fall owards

earth$ which c.ause s~nd in agitated water to settle,
Lnd :-ake possible the separation of cream from mi!'h?
No, ehe very close-knit s'ructure o' an atomic nucleus
c nct be based t .pon forces analog^us to gravity.
?krhuns nuclear forces arc akin to electrical forces?
:o, th.is is completely absurd. 'e must remember that
nuclear forces operate Lot only with electrically

c'a"r;ed particles, i.e. protons, but also with ueutral
partJiobs, which aro called neutrons. Electrical forces
do not affect the latter at all.

Nuclear f2orces are, in their very essence, some-
... g entirely diferent. Electrical forces, i.e.

'o rces of electrical attraction, and gravitational
forces act over relatively great distances, and diminish

a~lly. Nucl ."',ea, are knowm to be of a ,,shorl,
_.;geI, nature, i.e, their effect is felt only across
very short distences, and beyond these - egions they
bco:..e negligible. Hoivever, in order to oe able to
ztudy the interaction between particles at short
distances, the particles must have a very high energy.
The higher the energy of the particles, the smaller 's

the distance at whica their interaction can be felt.

'hen we are comp.led to work "against nuclear
as the physic~its say, i.e. to separate the

nuclear pa.ticles bounz,- together by these forces, it
becomes .pparent ta those force, ure irmense.



11. Nuclear "Glue"

* Ile wish to cite the f 'llouin- co.nparison: the
particles bound to each other in the atori.c nucleus
act as if fastened to each othe. by moana of invisible
and surprisingly strong rivets.

.Iis comparison fully agrees with the concept of
nuclear forces as expressed in 1935 by the Tapanese
physicist Yukava. He assumed that heavy elementary
particles, i.e. neutrons and protons, interact with
each other exchanging some lighter particles, which
act as the aforementioned "rivets" binding the inter-
acting particles.

Yukava's theory was never fully developed, but
all the same it suggested in most general terms the
existence as well as the mass of the trivets", holding
together the atomic nucleu, the mass being intermediate
betreen that of the neutron and the proton. These
hypothetical particles were called mesons ("mezos" in
Greec i.e. intermediate, medium).

Even a very brief description of subsequent
developments will enable us to see their dramatic
nature.

A certain period of time elapsed and mesons :;cre

found. They were revealed in cosmic rays, the myst~rious,

continuous radiation directed towards the earth from the
depths of the universe. This radiation produces great
disturbances in the atmosphere. Cosmic rays destroy
atomic nuclei encountered in their path. They somctines
cause heavy particles which have been transformed under
their effect to shed fire-works of cosmic ,,showers,,
around them.

In 1937 K. Anderson and S. Ne%dermeier reported
that by means of the ,fog chamber" (the name occasionally
used for the Wilson cloud chamber which reveals tae
trajectory of invisible particlesS they had found charged
particles in cosmic radiation. The mtss of these part-
icles was approximately 200 tines that of the electron.
Physicists had expected this result and greeted it with
enthusiasm. fesons had been foundl The forecasts had
been correct. However, the enthusiasm was followed by
disappointment.

These were not the sane mesons forecast in the
estimations of Yukava. These were lazy and inert mesons
that interacted weakly with neutrons and protons. The
physicists had expected other mesons to be discovered.
One can well understand the excitement which was aroused
by the announcement of the Soviet scientists

A.I. Alikhanov and A.!. Alikhanyan that for the first
time other "true" mesons had been found.

In 1947 the fritish physicist S. Powell confirmed

through 'rrefutab*e experiments, the presence o charged

particles in cosmic rays with a mass approximately 300

times that of the electron. These mesons (called pi-mesons

to distinguish them from the other mesons) behaved in exact

conformity with theoretical predictions. These mesons also

interact.- with neutrons and protons as expected.



The only difficulty was that in nrder to detect
and register them, a zruly rre~t advance in experi-
Smental technique 1 as Y.,eded; those norintary ;.az.rng
creations of cosmic ra.ys, o-f insi-nificant0
are extremely difficult to regis-cr. Still, they had
to be thoroughly studied ii the interest of nuclear
physics, since they :ere considered the key to the
fundaental mysteriaL of the atomic nucleus.

A new epoch opened in this field when the semi-
fantastic and semi-legendary mesons, which had been
so widely discussed, and whose existence had been
questioned, were artificially obtained in the laboratory.
The forces of cosmic power, developed in physical inscru-
ments, provided the required energy.

Trhe circumstances under which this occurred deserve
particular attention.

Az already mentloncd carlier, nuclear forces are
ir ense. They exceed the fcrces acting between atoX.i
i. chemical compunds by hundreds and thousands Of times,
and are thousands and tens of thousands of times greater
than the forces effective between the atonic nucl.i and
their surrounding layers of electrons. It is naturel,
therefore, that for interaction with the nucleus where
these forces apply, we need particles whose energy is of
the same order as the nuclear forces.

Let us decide fi.-t of all on the units in which we
hal! measure the energy of such chz.rges. For this
purpose we must refer to the universal unit used by the
physicists for measurlng the energy emitted or absorbed
durinc the processes occurring v;ith single atoms or
nuclei. This unit i.0 the electron volt. It is easy to
guess from the name that this unit expresses the qu :tity
of energy acquired by an electron in an electric field
that has a voltage of one volt.

The energy produced by an atom of hydrogen in the
process of co;-binlng with oxygen, i.e. during normal
combustion, can also le expressed in electron volts.
This energy is the energy of chemical combination and
is 4.2 electron volts.

For comparison, let us note that the energy produced
by the combination of protons and neutrons in a nucleus
constitutes 7 to 8 million electron volts. An encrgy of
hu:-dreds of millions of eloctron volts, however, us be
Lpplied to separate a ',meson rivet" from an elementaj,
particle.

The attack on the atonic nuclus 5tar-,d it% '-- use
Of natural "charges',, i.e. nuclear .:trci .
by the doconpo;iing :xucle of natural.y .lo.Cti'/u
elements. Remarkable Zhieve. ns, ch as Lho f-'rZt
Lrtificial nuclear t o rn .'o'i ed hy Ru.- 'ford,
production of artif:ci. r. o c i .3t.OLtj by 2-'r.j

ar. O :oliot-Curie, aLd the discovery of the z.;utron
vhich is connected vrith e names of Chadwick and the same
Curie family, have been -chieved through th ese modestI moa-s. !
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However, the natural sources of particle projectiles
are negligible, Selection of bombing paticlez -z
limited. In the meantime, however, the new science,
which even the conservative Rutherford named w .-ih -!t
the "new alcheny", required the study of a widu uZr; of
nuclear reaction under the action of various particles
and great energies. Special methods for attacking the
atomic nucleus had to be developed and since no real task
imposed by the development of science remains unsolved,
nuclear "artillery" was created. This new, special
nuclear "artillery" was designed to give the atomic

2 rojectiles a great acceleration to provide a co._ .crably
i:,ore concentrated fire, and to shoot a large numobr Cf

projectiles of diverse kinds.

Initially the nuclear particles, to which we wished
to impart a great speed in order to overcome the so-
called "armour belt" of electrical repulsion protecting
every attacked nucleus, wore, as expressed by a Sovie;
physicist, placed on an "electric cliff". The "cliff"
was represented by a high voltage electrical field. Tae
particles were "precipitated" or ,,thr.own down" from this
"electric cliff" and, before reachinr the "target", ran
along a rectilinear course at a speed which increased as
the height of the cliff increased, i.e. as a greater
voltage was applied to the accelerating tubes. In these
tubes the particles acquired a velocity exceeding the
speed of a missile shot from a long range gun by hundreds
of thousands of tiv'es, but even this proved insufficient.
The projectiles necessary to overcome the "armour belt,,
of repulsion must be a great deal more potent in a number
of cases.

At the very beginning of the developmert of nuclear
physics, there arose the problem of whether the particles
could be best accelerated in one step or in several.
However, experiments on this simple idea with the help of
accelerators constructed in the forr. of vacuum tuboa
stretched out in a line could lead to no decisive conclu-
sion. To provide the accelerated particles with sufficient
energy, linear accelerators of a considerable length wiore
needed. It is sufficient to mention that in one of the
modern machines the accelerated protons ran along a course
210 thousand km. long.

lie may thus see why direct action accelerators could
not be used for this purpose.

The solution of the problem which thus arose has been
found: the particles had to be accelerated alon - -pir-l
path. Then, while completing a very long run, the part-
icles would not move beyond the limits of a relatively
small area.

.. In order to explain the structural princile of this
instrument, the example of a sling is often used. By

rotating a ;tone attached to a rope, vie can throw th
stone considerably farther than when doing so by the sane
hand along a straight line. However, this example morely
provides a remote notion of the principle of tho construc-
tion which was suggested by physicists, and it does not
show its special characteristic. This special character-
istic lies in the fact that the accelerated particles

* gain speed at each successive revolution, and only after
they reach a very great speed, are they released in the
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~~On Of theG nuc ep-- *;r~et" !n the boo- 11"aw
Lf by R alp h Lp , a~e n~ e.:c L~ zn nurci

c an ne t, 0o 0.. c. Lon c2t ., -..tc&l o2I

aoflc.te.., c h.~Z- ri o.. co: tror.

r, u A ej t:3 o pn1sez; the cash,-ier -and
t. r :ndy bcc:; ' l..ionaire. T-e idea of

O~r$s ~s .~cs .0 its author-, the Ameicaz
p.;yiArial.rence-, -.ot by the stock market, however,

but by *tite new cLn echnique.

?alr2ticle pro 'Ctilc; , which are to be acccr-,ted
'n a l:C ntrn, Z_,o .s~t, into the 1''ele of~~

- -~' which ocauzes tnhcu' to nove in a SPIr:..
Scompieted t~c run around half the cirCunferoc

inoid_ Oo of the dees, they enter the electrical fis.;d
Q-t:.-eer. thoos fie'd, at ",is moment, is acting

-th0 LL.e irconin Which the PartiCles are
and th us speeds ther, up. .fter this acce'erac

'tiox the part ic'es cont-inue the circular flight; h_.;wav,:r
t;"s t ne around a ci r cunfe rence off increased radiu.
L.ince .-heir speed has increased. Then, crossing or.;,
;.ora tho soace between ".'-. deas, they are once more
Lccelerated by the electric ffielC. and thus conplete a
2 Ul. : evolutio,. They iontin-ue to fly around this
,vvcl.oJn0 spiral tuns and hun"2eds off times. :,t each
succisztve revolution they are afffec-od by a relatively

oal ccelerating field. Uoeein the final
analysis, the energy increases very considerably.

::ncoura 7ed b:!' th..se early achieve.-ents, thle
;3ientists tr ied to force tl~a cyclotron.- to -3; .th

L-cuICruted particb-e. nth:orz a-n nore encroy, but,
the.y crncountered an o'Litacle w.,hich -ce.-ed inouinou:.tb I

c:.e ~ f".1, In LI:ne Wit... th, '...n
ls, cc, arLn t 0ir fl~t ow:e VC ,

ct:t. nonr-.cn t..e speed of the particles ceased to
L Z he ; .,.es are delaed, n.o longc7

L.Z-:*.-Z betwzeen -.ho,. dees at the requ.z~ed nonent, I* e.
L_. t~e :j,.onent -. hean the tlectric fielId would ajcco-arate

L7, Thua the synch'-ronized operation of the cyclotron
ozca-no dIst,.r.bed.

:7 .7 t-..-.eol -od.

? explarnat'.C. Of t: --s phe:...nenon ~wlhhal been
c.~CO~.e~at a conzldora'aly earl"er riate than the

_Van -tioz of cylot.r33) r. seen in rbebl a;
r~t t ~east..at a-. -acreasinjg acceleration

Crn;cir-cular fI-;-ht3, the =ea off the particle chaces,
-~e. the particle be.c3nes heavier. 1' 3seens as1,

~netc erergy accunulated _n the Process of acceleration
overbu;id nded the particle . Y ou -,a:' as_ ,k - Is th'-I is
;jcn i-p 0.1Ac Inau, -c ? Surp-:iJsinjy, an inzrecse .:n *the

0 ~y oa o~cle is :-,tally accOnoanied by a
* ,Laruase --. its nasi.

:e must frtof all dlso;zo of en- d'.t : t
:tt te -o :an t la!; of' he co...servat ion of ;-:a3s,

nust be effe~tiveawy and cveryu2-ere,
hrcyv"31atet-. ':o knoa very-, well th'at nass cannot

~Ia~n arunder c.ny circunstances, :.3r cuz It be



Scien~ce affirms the sane -,'ith regard to ...... ;
:ow.ever, for a onP time sience Lilently assunse A

-"u to great laws of natur, i.e. tne lal of czc";a-
-3 in Of n~azs and: t he lal,, 0.' eco servation and .:.n fo-

10 o. o f cner ,y, -;ere :-.related. Ir reality, >.a;:cVCz:,
c: -- 16 v2 aog~C~ i of t-e , o r .In accora.tcO,

.t h 'ue 1law o. nrieper.dence between mass and energy,
overe d by the G:zman genius Albert Einstein in 190-,

each change in the energy of a budy is accompanied by a
corresponding change in its mass.

7he processes occurring iu the cyclotron are r.o
miracle. "he phenomenon observed, i.e. the increase
.n mass of a particle .:ith h increace in its energy,
_s completely explained by the theory of relativity
formulated by Einstein.

Tho 1o owin example is o'ftern quoted, when
discussing the theory of relativity: suppose we heat
& body weighing one kg. up to 200 0C and leave another
body wieighing one kg. at rcom temperature; then :;.
hot body will be heavier than the cold bony by on(
billionth of a gram., Of course, a balance sufficiently
precise to weigh 1 kg. vith an accuracy ofce billionth
of a gram does not exis;. Ho, ;ever, if such a balance
did exist, it would show the above difference. ow
does this happen? Molccules of a hot body move at a
greater speed t tan those of a cold body and the reser7e
of encrgy is actually an excess of kinetic energy of a
number of separate molecules. Having a great reserve
C.' t.zrnal energy, the hot body also has great mass.
-.o';ever, :ince the speed of motion of particles in a
hesiod body is cons-dtrably lower than the speed of
particles flying in a cyclotron, they are not "over-
loadvd" with kinetic energy to the same extent. Hence
th "fferen :o in nas s formed at the expense of lInetic
_urgy .3 inz sgnificantly small and is never detected

~.n practice.

Z" we had sufficienly delicate .nstru.nts, .;o
.:ould bc able to prove. that a wound-up clock is h-.avier

h the unaound clock. The energy increase of t!.
~.. ,olecular :old of cohcs On n a tense s5,ing

reozlts in the increase of its mass.

A charged clectrical co.3denser is heavier t>.n
the uac.arged condenser: the energy of the electrical
f-ad corresponds to the increaso in mass. TI.s
phenonr,.on remains unnoticed. The densities the
nolecular field and of the field of a condenser are
1naign-ificantly small in coznarisoz uith the density
of a nuclear field. Under ormal c:rcumstances bodies
in motion, whose ass also incroased in proportion to
the Increase of kinetic energy, do not move at spoeds
Cf tens and nundreds of kilometers per second, as i
the case with particles -n accelerators. However I"
t-clear transforna.on processess associated witht
use of accelerators, these extraordinary phenome.a
become very marked. :'e may even affirm that ph ',ic-sts
are quite used to then. They are now part of routiza
soientif : and technical calculations. By considering
thIs pheomenon, the Soviet phyaiclst, V.I. Veksler,
suc'ceea(. in layin.7g the scientific foundation for the
czc.nstru tion cf accelerators o& a fandamenta.lly now
type. is soon a. th.s principle became known, it was
L".ccessfully applied.



Of- Lr
t ;es 5t pz r .d z zoo :. t a e C r

--accth*e orde-2 of -.cne c-K thousan,*z or' clec~ron
tlie ne,_d fo: c'i-rctino 'Or ;.oincreLse i."rnass

eloc~or~s c~. ~ ke. .-. e ~rfore, fo he
l~~inof elcc~ro-, it w.as necessary to conztruct

czc 2.accelerator-s, which .:ere naned betatrons (the
u e r "betatronx" oriL-,4na- d fron the n:-rc of the electron

e Ca,- t,-'octcd by nal..of certairi radioactIva subztannces,
1* beta r a vs) 7oz. 0 -1 the beta rays obt--ined wth the
3f tc-Latrons excedu~d by a n-u..dred tines in both1

cc>yand intcnsity tho rays producud _1urinC r. at u ralI
~ decor'ioosioion ho oerati~ac principle of

e ta r o. is v e r s _mirLar to that o1' thea alter 7atirng
r rnsf or:---r. Evry ochoolchnild krmows that if

t..e ;"ondalry CO,.. .as norea tu.',ns than t1he prinnar coil,
c t::;-sforr~er i~creazsu the volta, e )f the ou:':en..

nc~at~ra ~nscaof the secon-'ary coi! -toe
-strunent is provie,.d %.ith a hoalo. i.-h.e .e

hfree electr..Is -Otzcte. 'ae nunbor Of revoIut ioLS
o .. e electrons in Lhis t,.i'e is ana.O, Ous to0 the- number
0' f in tesoCC0 ary coil. :f .:e force teelectrons
rto ro te in t hiS tu.bc nany *,. _, t hey wi11 gradULally
accumulate retcrner,-y at t,.a ex. cnjS e o thje e cctro -

na~nt~c ndut~on -us, if the czo.tron is called
a t~soznceaccelcrator"I becausQ thie acceierat.in,7

elccLric field c nCs thercin wjith the ;rotat:C'n, Of the
a 1, t cIk:s, ann ',!e boetat.ul: n~u~'

0:, -...~rncm osssi euing the StLLitY 0'

t,.. .. ~tiflin it-, ch~ orbit and fcrcirS- it to
LfonC, thi.,s c.rb t na.-y tines. Physic

.. o.at..tuner 7:pr cone itioas -!Iis is _

e- by a*. r- C an n

r I e s b y V. S. Iesr me ci

6C ien;:ot I , an.. ten; pr.n .c a:-C.

.. ocnbine .. o e ,rDcr ;~cs c;f the cyc~ot:O ad
.ct~:n, :.z ojsiL'_e 3o cxt.nd c3sd:dor;ly

Y.L~...s a ac ce: t.V .te a cC UratO,_3 U.-C
rcvleco~n~t nCl 0rncl, one' C en a C

us a in t to tc' 0- an cn',rgy 7rcviou~y encount-
ec.o onl1 in c 3sj r . 'a y. S 7-e Gane raa. eedavaloped
bIy the AnrerjCan" pyI 1 t CI c 'lA An.

o-~~ to be s o sw zct:I3l?

.. eS.Cu~ tzi si .t.ortits O a. .cles aic
z a 13 0 C . 1~o. 0n. :nc-ed, s,;r-DOse the

Z0. 1' L art c 1e a~ in.- e asod....a pcriO", of I ts

of:-. eL4.o s ~oro. beco n. 3ra_ LhL'lcr.ate 1 t e

't t Celrates ~t ~ n Ca ross o 333f ~e Cbrat -,a
~in om~0. th'e .ss of the L, rmle ie:as ow

asin~as,6 a rc. -Lt of. u'hiz the ~a r z.Ic e '21oa
ze .na oadit.ion ivh-ee .-'c electr'-cnl Of th-
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c.c . n accelcra-es cz a r2zQ; f :

.,c~ <l~ o 'o d c i flVra. , :, .-. "-. - -i

0~: 01 f e ~ c c rI.C n a~ 1

cu'c, c tho'.'e occurs r
ei c--otron ar - - , rotatc aru:.d

vO O~t. 3~~2 ~ z ly intcnsify L-,o
_nc c fld or lo ;.y ccrcaso t e frequency at

. e tectrica vota accelera ing% the p.rticle
chngcs and this constitucs the :ai: >,ineiple of
the brilliant idea of V.. Veks r), th.en the particle
!1oat n aro und a s -ta orbit will increase its

Al., of the :o;:r .3 nOdcrn accelerators 0, Lu.

nLrtieles are bui l-t on i principle, "icn a n-
ed hero in very general to.-s.

There also exist accelerator zn .:hch e -.:: c
field is incrcasea stnutncously -'the ace on
of the n otion of' particles. 2hese are the so-callod
synchrotrons, which are used to accelerate electrons.

in other accelerator. the Derios o' fluctuation of
the alternating electrical curre:t is increased si.-ul-
taneously with the acceleration of the motion of parti.ales.
Thes.e are the so-called synchrotrons, which are used to
accelerate electrons.

e-n-&-tee-,- ert-o-rs--t he- -p eri o d-f -f ' C t u-t ion--o
•.te-altornating elect-ical cub-rent is increased in..

. ropo i on to th iu c c.3 in the rs of' he ....icl
Therefore, in spite of the increased time of its
revolution, the particle does not f-1l out of resonance,
but continues Vo be accelerated by the electrical fild.
hose ph.csotrons or, c. they are occasionally called,

synchrocyclotrons, are used to accelerate "heavy"
particles, i.e. deuterons and alpha particles.

La stly, he third invention has combined both
operat.ons. These are the so-called synchronhasozrons.
Artificial cosmi rays, i.e. protons carrying an energy
Of several billion electron volts, are produced in
synchrophasotrons.

Our country has not only developed the principle 1of
these new, so-called relapivistic accelerators (t-Is
term is used *o character-ize phenonena and instruments
based on the theory of relativity), but has als,
constructe huge synchrotron and Dhasotron accelerators.
Thus, for eoanple, the largest phasotron in the world
operates in the Institute of Nuclear Problems of the

Academy of Sciences of the USSR. It produces protoas

with an enery of 680 million electron volts.

Energies with which explorers of the atomic nucleus
operated two and three decades ago were only ton tines
greater than the energies ob-ained in the eighteenth
century. Electrical machines, which were used as
parlour toys, produced tens of thousands of volts. This
value was not surpassed for two centuries. Therefore,
the achievements accomplished in the course of the last
twenty years are astonishizig indeed.
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As v'e have alrcady seen, construction of these
Ssnts, -.,hich also conf'irned very exactly l
nuozy o" , .s -Iet th c ost ur-ent rc-' C-

- f rodrc zhy.&cs. One fnoor;Lt fie. i 5
.r.- cf' hyicz, ;:h~zh has b . c:ze nsiv c> dev i:n.

s . hL-; 01' the z0-called elementary
0.; .c 0.: car t head ni are g -ouped, for example,

_ es s o " fo . on ff resons during the collision
and protos a: under the effect of photons

'--rys of hig crgy), and phenomena of scattering
r c , :es here -th forcs acting t%aeon - sa

.-. ar.c s c~2ratc. 2or:3.: by Soviet scientists tha has
cc . " appeared -.n pri:az, as the res':!; of sOVL "al

yr searc>, i evotad to these urgent problems.

" c ::cshchery.:'ov, orresond nR mermber of the
c -:. ceas of tr.e USSR, and, Prof. S.Ya.N.itin,

v zta heir assistants, s- -died in the Institute of
of'.:_ucuar ?.oble:;s the zcattering 'of protons by protons.
'i v:s .:o":-' *ccqur.:es e no aodern ex'erirmenzai "oohniques,

Ss closely cor.nczc uith t-he use of all -orts of
:;.odrn clectrornic equpnent. eost refined methods Cf
:cstraion of particles u.t.h precisions up to one
.illionth of a second 7ust be used. :Moreover, these

cxpEziments are inDposs-ile v.ithout modern counters Gf
nuclear particles, su3h as for example, certain crystals,
in w .hich the passage of charged :.uclear particles

cproduces a flare of cold luminescence, registered by
means of speci.al photoelectric nult.ipliers.

The !ur.in c s cent chanber constructed by E.K. Z 0 ysky,
cOrrepo0nding member of the Academy of Sciences Of Ghe
USSF ia a re.ar..able achievement. The ordinary

'latOn recorder registers only tbe bare fact of the
passage of pazticles. iwhereas here, with the help of
C ;

. -. o ptio transformers, the path along which the
- procee i luinescent substance is also

r' coraed, This canera has aroused the interest of
physlcists in all countries.

These investigetions are supplemented by the study
of scattering the neutrons by protons. By comparing
tihe two we are able to draw a number of final deductions
on the nature of elementary nuclear particles. Invest-
gatJions on the scattering of neutrons by protons are,

however, fraught with more serious d.fficulties, since
the neutrons carry no electric charge, and methods of
their registration are much less effective than the
::ethods of registration of protons. Nevertheless, these
experi:.:ents were also successfully carried out in the
7nstitute of Nuclear Problems under the supervision of
Prof. V.P. Dzhelepov. In his report on these works
delivered before the session of the Academy of Sciences
of the USSR, Y.G. Yeshcheryakov emphasized the valuable
contribution to the research in question by the theore-
ticul physicists I.Ya. Poneranchuk and A.Ya. Smorodinsky.

1.e have already mentioned that during the scattering
of particles the forces in effect between these particles
_re displayed in the purest form. Scattering in the field
of high energies makes it possible to ",feel" these forces
L.V distances too small for experiments with low energies.

is no wonder that physicists so far have been compelled
•o approximate by assuming that these forces are conatan$t
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u? o ... in distance . s I al
tha radius of ation 0f nuclear onfula.

-'; two each 0 _2 ' .b coa_..s l -- c nd r-o td r

.a*11 , ir Ine each f te particaes

.... ~bi . _t- of defla-

c s.c p r i,_ " ,fcrent a r., IeeS duri ng sca-stor-
:.- Ca " o he naa-ure of L*he for-ces

a ze e -e ez f- o re: earchers are
- i.iy concerned .'it'h the study of the zo-callod
c.ular distribution of in nuclear physics
.,hess probabilitics Lrc uually c-a cterized by c.
s;e.ions. ThiJ. sizuLI o S u- s Us u-a!; C. L;

0 fact i n a :!IL r y t' h pr 0ba_-b i 1 -y 0 2 s -u in ra
or tha; target doepnds on, the respoctive areas of t e

i.... , in vihich the chosen trajectoiies enL. Th
c:perinentally det rninad magnitude of the cross-ooctOln
of the elenentary .narticles which are scatte'cd at high
energies allows One to conclude-that the effective
dimensions of these particles are smaller than prc'iously
assumed. It is now .elieved that elenentary particles,
.e. protons and neutrons, are composed of small ";rains"

or "nuclei" (the protons and neutrons proper), which are
surrounded by a cloud of pi-nesons. One cannot helD
thinking in this connection of the striking statenent

made by Lenein: "An electron is as inexhaustible as an
ato ";

On studying the dependence between the cross-
section and energy of the scattered 3articles, the
researchers arrived at the conclusion that possibly
there exists a definite "excited" state of protons.
The theory describing this phenomenon has been developed
by Academician I.Ye. Tamm, a Soviet scientist.

A series of reports by the Institute of Nuclear
Problems of the Academy of Sciences of th. USSR has
been devoted to the study of the formation and
properties of pi-mesons. These promising reports
were produced by If.G. Ileshcheryakov end Prov, M.S.
Kozodaev. In their experiments they lnv ztigated
charged pi-mesons, as well as well as neutral pi-mesons.
These promising reports were produced by Y.G.
Meshcheryakov and Prof. M!.S. Kozodaey. In their
experiments they investigated charged pt-mosons, as
well as neutral pi-mesons (the latter exist as well
as the former).

The reaction between two protons, in the course of
which heavy hydrogeu (deuteriuim) and a positively
charged pi-meson are formed, is of special interest
among the nuclear reactions connected with investigations
on charged pi-mesons. This reaction, as well as its
converse, where the deuterium and a positively cha.-ged
pi-meson interact producing two protons, can also be
exptrimentally investigated. This is a most interesting
example of equilibrium in nuclear reactions.

A new citizen of the Soviet Union, the progressive
Italian scientist Bruno Pontecorvo, who is now working
in our country, has carried out a fine piece of work in
the field of high energy nuclear physics. He successfully
investigated the scattering of charged mesons by deuterons
and protons in those high energy regions which up to that
time had been little studied.
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-gatjoT. . ... interact-o.' of neutrons and. . .-. . n_-i 71 ,R
~ ....... cc- n arc ulso of great interest,
.:.c uch. :nter_. io . :: the :>.:: in ;:ch part- ml

Z;n,0z.. c re .. .. . Until

ri n u~c -L I n;~: e0 r a t -
:'C O:'1, -'Oi & C .a. dc In. . i -

.. cm.d proposed :'or ;eu 'drst tne by tae Soviet

--h the he"p of t.esc methoas, results of such

rc c o n s ".:ere oh.;:--d in tre form of pec ul, "r'st ", 1
o.-c c mfa:z;y 2 : -'rc .y changod ..... es

C. C 0-1.; -cc siucts Of _-

-_-etions *;c, ., zb.o c.be' - o- erved. The success-
u ..-nucler 'ilir" .. t -ossible to study

r actions uaCc: :aory conditions as vi.
, mention -he rccently pu:._ished work by Prof',

d.c. dans':y ari d S issistants who studied the I

cvison of heavy by neutrons of high enrgy.
3y mcans of neutrons vii h r.n energy of about 400 illion
clctron volts they investigated the division of no;
on" uranium and t hc:--.u- nuclei, but also considerably
ihten nuclei " bisnuh gold, tun sten and others. It

appeared that the division of nuclei at this energy

:c0V0c3 zn interest-*n- and peculiar property: before
t he diis i.on a great number of neutrons, occasionally

mor Zaan t'n, arc liberated from the nucleus.fCis peculiar division has been irvestigated using

:K'.o ocraphic emulsions by Prof. N.A. Perfilov, a
-cn..n3zad physicist; rdio-chen;caL- it has bcn

ih hy Prof. 3.V. Kurchatov in cooperation

with his and Academician A.P. Vinogradov's assistants.

_nvestigations carried out by many diverse mc.-hods
-_-6 possible to -c,r-.ne the fundamental dfferenceS

"a the nature of the division of heavy and light nuclei

caused by high-energy particles.

3ut how can one explain the simultaneous discharge

fromn the.' nucleus OIL such a Great quantity of secondary
particles? 1:e cannot, of course, discuss.this pioblem
thoroughly in this article. This division can be
e":plained only through analogy. TUst as particles of

%:ator ocape from a heated tea ke't;e, so we may think
of a nucleus into i,;hich a high-energy particle has
penetrated as boiling and evaporating the neutrons
contained therein.

WQ must not think, of course, that this division

can produce a chain reaction. Nu, .,i of comparatively
sZ lI mass (such as bismuth, tungstcn, and gold)
di- .ded only under the effect of very fast partic es
whi'h can be obtained only by means of artificial

-.cceloration requirin, the consumption of quantities
of energy. For this reason, the neutrons ejected

before division are unable to induce a chain reaction.

Nevertheless, this phenomenon is certainly of great
interest from the theoretical point of view, being a
phenomenon characteristic of reactions at high energies.

A series of interesting experiments devoted to the

interaction of gama rays avnan energy of up to
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_ '50 nilior. electron volts with nuclei -and elcnc: tarv
aL e3,we re c j.:0o L~ U

SPhyscalt of t - of Sc-nc s
r. . SR under - 0 1'5 1.7.

3 r o f the 1n3 o n ccc rL .. o of the
nu'z ty:e are (;C1 x' .. 0
Ac-a..y of Science o ".o USSR, toC;ther with ?ro
? .... Cho:rinov, te n 3 tod Soviet physicist.

C.,e outcome of' this research was :eported a, the
confercnce on cosmic rays, which too* place during the
winter of 1954. also wish to mention the rucarch
conducd on the fo:':.tLon of neutral and zegat'V3
. -:czon& by the hydrog en isotope, douteriumn, as 'ae
as ia:ves igations on he initeraction o.' ganra rays and
copper and nickel nuclei, which provided information
forming the basis o a new concep in the stra&;ure of_
atomic nuclei, i.e. the development of the nuclear shell
model.

These and oanr other experiments of Soviet
researchers show tht our country occupies one of
the leading places in the field of high-energy physics.

Recently there was held an A!l-Unlon Confcrencz
on quantum electrodynanics and the theory of eleeni.tary
particles with special emphasis on mesons. Foreign as
well as Soviet scientists took part in this conference
wh:'e new theoretical papers by Soviet scientists were
widely discused and highly approved. They were also
widely discussed at the session of the Academy of
Sciences of the USSR on the peaceful uses of atomic
onergy.

We think it ap'?ropriate to refer once more to the
history of the discove.'y of mesons. This history has
not been completed as yet and th, undiscovered areas
are pregnant with promises of new discoveries. When
"creating" new particles by super-po,.erful accelerators,
the researchers d..cover one meson after another. They
are now considerably more numerous than needed, or,
more accurately, than the xisting theory can explain.

This is the most exciting and troublesoe period
in the history of this science. The river is still
covered with ice but sprino waters beneath it are

restless. A little while yet and t.s icy armour of
obsolete theory will crack and a flood of new ides5
will carry away the old ice floes.

This was the case with chemistry, when the
researchers were compelled to face manifestations
of differences in the properties of molecules of a
uniform chemical composition, which were difficult
to explain from the viewpoint of the old theories.
The genius of Butlerov developed a new theory which
embraced all these extraordinary facts.

The same occurred in physics, when the necessity
of explaining the mysterious facts of natural radio-
activity led to the formation of modern concepts on
the struoture of the atom, this complex structure
with a nucleus surrounded by clouds of electrons.
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T physi.. of ; tomic nucleus is no'.i at a
_"Pao of 'Ievcloannent , u ns',ab I a-.-'d a-i.

C , or.It3, ana w; all know that st i3. the
Loginring of a new pva rd 'li~h (o r ,breakthrou h").

h


